Background: Contrast-induced acute kidney injury [contrast-induced nephropathy (CIN)] is one of the major causes of hospital-acquired acute renal failure. Volume supplementation is the most effective strategy to prevent acute renal failure caused by contrast; but the effects of sodium bicarbonate regimens are unknown in CIN prevention. The aim of this survey is to compare the efficacy of hydration with normal saline versus hydration with sodium bicarbonate in the prevention of the CIN in patients undergoing coronary angiography. Materials and Methods: In a clinical trial, 350 patients undergoing coronary interventions were randomized into two groups: One group received normal saline and another group received sodium bicarbonate before and after infusion of the contrast. Patients in both the groups had received N-acetylcysteine. CIN was defined as relative increase in serum creatinine equal to or more than 25% of baseline or increase to 0.5 mg/dl in 48 h after the injection of the contrast. Results: CIN was seen in 46 patients (13.1%) after coronary interventions. Incidence of CIN in patients receiving normal saline (19.4%) was more than in patients receiving sodium bicarbonate (6.9%) (P = 0.001). Hemodialysis was needed only in one patient who received saline normal. Relative risk to induce CIN in both groups was as 2.8 and was in the range of 1.50-5.25 with confidence interval of 95% and P = 0.001. Thus, the probability of CIN was significantly more in the usage of normal saline. Conclusion: This survey showed that hydration with sodium bicarbonate is superior to hydration with normal saline and has better protection effects.
INTRODUCTION
T he rising usage of radiological procedures has resulted in an increasing incidence of procedure-related contrast-induced nephropathy (CIN). [1, 2] The incidence from different studies varies significantly. [3, 4] Volume supplementation and dehydration treatment are the ways of preventing CIN.
However, there are limited data on the best choice for intravenous fluid supplementation. Evidence indicate that isotonic crystalloids such as normal saline and sodium bicarbonate are more effective than half saline. [5] The medical literature varies in the effects of sodium bicarbonate in preventing CIN. [4, 6] The primary aim of this survey was to compare the efficacy of hydration with normal saline versus hydration with sodium bicarbonate in the prevention of CIN, considering urea, creatinine, and glomerular filtration rate (GFR) before the procedure and 48 h after the percutaneous coronary intervention (PCI), among the patients undergoing coronary angiography. The exclusion criteria were cardiogenic shock, recent exposure to radiographic media, serum creatinine (SCr) level above 4 mg/dl, and patients with pre-existing end-stage renal disease requiring dialysis. Eligible patients randomly received one of the hydration protocols.
MATERIALS AND METHODS
Coronary angiography through the femoral artery was performed by the standard techniques.
All radiological procedures were done with non-ionic low-osmolar Omnipaque 300.
All the patients received a fixed dose of fluid 6 h before the procedure and 6 h after it.
Sodium bicarbonate solution was prepared by adding 154 ml of 1000 mEq/l sodium bicarbonate to 846 ml of 5% dextrose with water. Both groups had received 1200 mg N-acetylcysteine the day before and also on the angiography day. Before the intervention and 2 days after the injection of contrast, SCr level and blood urea nitrogen (BUN) level were measured, and creatinine clearance was estimated using the Cockcroft-Gault equation.
[(140−age) × weight (kg) × 0.85 (if female)]/72 × serum creatinine (mg/dl).
CIN was defined as an increase of ≥25% or 0.5 mg/dl in pre-procedure SCr at 48 h after the procedure.
Statistical analyses
The data were analyzed using SPSS16 software. Descriptive statistical analysis (frequency, percentage, mean ± SD) was used. Normal distribution of data was evaluated by Kolmogorov-Smirnov Test. Quantitative data, depending on the needs, were analyzed using Student's t-test or Mann-Whitney U test, and qualitative data were analyzed by Chi-square test (c 2 ) and, if needed, with Fisher exact test.
Using Medcalc software, relative risk (RR) was calculated for CIN. In this study, P < 0.05 were considered as significant.
RESULTS
In this survey, 350 patients were studied. The patients were divided randomly into two groups, those receiving normal saline (group A) and those receiving sodium bicarbonate (group B).
The mean age in group A was 64.48 ± 11.07 years and in group B was 64.96 ± 10.29 years (P = 0.67).
One hundred and eighty of the patients were males (51.4%) and 170 of the patients were females (48.6%). However, in group A, there were 104 males (59.4%) and 71 females (40.6%), while in group B, there were 76 males (43.4%) and 99 females (56.6%).
The mean BUN before the intervention in sodium bicarbonate group (group B) was 21.73 ± 11.73 mg/dl and in normal saline group (group A) was 21.45 ± 9.5 mg/dl (P = 0.8).
The SCr level in group A before the intervention was 1.17 ± 0.4 mg/dl and in group B it was 1.16 ± 0.4 mg/dl, with P = 0.75 [ Table 1 ].
There is significant difference in BUN, SCr, and GFR levels between the two groups, before and after [ Table 2 ] the intervention [ Table 3 ].
CIN was seen in 46 patients (13.1%) after the coronary interventions.
CIN was detected in 34 patients (19.4%) of normal saline receiving group (group A) and in 12 patients of bicarbonate receiving group (group B). As observed, the incidence of CIN was significantly higher in normal saline receiving patients (P = 0.001).
There were no major in-hospital events such as myocardial infarction (MI), stroke, and death due to heart problems in any of the patients.
The RR for CIN in both groups was 2.81 and was in the range of 1.50-5.25 with Confidence Interval (CI) = 95% (P = 0.001).
Due to the RR, the possibility of CIN was significantly higher in normal saline receiving patients. 
DISCUSSION
The administration of radiocontrast media can give rise to a commonly reversible form of acute renal failure known as CIN that begins immediately after the contrast is administered. [5] [6] [7] [8] Renal vasoconstriction resulting in medullary hypoxemia and direct cytotoxic effects of the contrast agents are the two major theories of the underlying mechanism of injury, though many strategies have been introduced to preserve renal function, which are mostly based on two general mechanisms: Preserving cell viability and preventing or reversing intratubular obstruction. There are several limitations to investigating the prevention of post-ischemic acute tubular necrosis in humans. They include heterogeneous and complex patient factors (e.g., co-morbidities and concurrent multi-organ failure in critically ill patients), lack of a standardized definition of and diagnostic criteria for post-ischemic ATN, and the lack of clear and specific endpoints for clinical trials. [9, 10] On the other hand, the optimal treatment or preventive regimen has not yet been introduced, making the necessity of such researches more overt in this regard.
Due to lack of convincing evidence of the potential risk of some approaches and given that the overall direction of the data is better to be toward beneficial, well-tolerated, and relatively inexpensive agents, we chose the administration of acetylcysteine, which must be accompanied by isotonic fluid hydration and use of a low or iso-osmolal contrast agent. [11] [12] [13] The optimal hydration solution (isotonic saline, one-half isotonic saline, or isotonic sodium bicarbonate) for prevention of contrast nephropathy is unclear. Since alkalization may protect against free radical injury, the possibility that sodium bicarbonate may be superior to isotonic saline has been examined in a number of randomized trials and meta-analyses as ours. The results were conflicting as some showed a significantly lower rate of CIN with sodium bicarbonate, [14] [15] [16] [17] [18] while others found equivalent rates. [19] [20] [21] The superiority of sodium bicarbonate regimen in our study was obvious in all the three evaluated parameters, suggesting it a safe and efficient protocol to be considered in patients receiving radiocontrast media. However, variations in outcomes with sodium bicarbonate may be due to the significant heterogeneity found in these studies. Several meta-analyses have noted differences due to wide variations in study size, treatment effect, and publication bias. [20, 22, 23] Yet, definition of contrast-induced acute renal failure, baseline risk for acute renal failure (e.g., severity of renal dysfunction and proportion with diabetes), acetylcysteine dose and route of administration (e.g., oral or intravenous), intravenous hydration protocols, amount and type of contrast given, and type of procedure performed (e.g., contrast CT, cardiac catheterization, or peripheral angiography) vary widely in such studies, which leads to substantial inconsistency in the reported results. However, in general, studies that have examined outcomes with isotonic sodium bicarbonate versus isotonic sodium chloride or normal saline have noted either equivalent or better outcomes with sodium bicarbonate than the other two, making it superior, as ours, to similar regimens.
The rational approach for further investigation would better be based upon more homogeneous and larger-sized studies to diminish the effect of statistical bias on related issues.
CONCLUSIONS
Results of this survey show that hydration with sodium bicarbonate has more protective effects in comparison to hydration with normal saline in the incidence of contrast-induced acute kidney injury.
